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A steep approach landing procedure utilizes a steeper glide slope, greater than the con-
ventional 3-deg glide angle, in order to alleviate noise on the ground. Spoilers are deployed
to slow down the aircraft near to the airport perimeter. Steep approach procedure reduces
the noise on the ground by allowing aircraft to y higher and descend with lower engine
ratings than conventional landing approach. In this paper for the rst time a computational
aeroacoustic investigation is carried out on a two-dimensional high lift system in a steep
approach landing conguration in order to identify the noise impact of a deployed spoiler.
The high lift model is at an angle of attack of 5-deg with the slat and the ap deployed at 30-
deg and 38-deg respectively. The spoiler is deployed at an angle of 20-deg. The freestream
Mach number is M1 = 0:235, corresponding to a Reynolds number Re = 5:47  10
6. Hybrid
methodology involving Computational Fluid Dynamics and Ffowcs-Williams and Hawking
integral method is used to predict fareld noise. The results so far show that a deployed
spoiler drastically changes the ow eld around the high lift devices. The slat cove vortex
grows in size and the ow separates early from the ap surface forming a much wider wake.
Contours of uctuating pressure show noise radiation from the slat cove region and the
spoiler trailing edge.
Nomenclature
F, G, and H = inviscid uxes of the Navier Stokes equation
Fv,Gv, and Hv = viscous uxes of the Navier Stokes equation
L, U, and D = lower-upper factorization matrices
Q = solution vector
!z = spanwise vorticity
 = Fareld noise radiation angle (degrees)
, , and  = generalized cordinates
C = high-lift model stowed chord length
Re = Reynolds number based on the stowed chord C
t = time
x, y, and z = cartesian coordinates
Subscripts
()1 = freestream value
I. Introduction
A
dvances in low noise high-bypass ratio turbofan engines have resulted in a massive reduction in jet
engine noise such that on approach to landing, when the engines are operating at low power setting,
airframe noise becomes the dominant noise source. Airframe noise is dened as the "non-propulsive noise
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American Institute of Aeronautics and Astronauticsof an aircraft in ight, due to the airow around the airframe".1 The major contributors to airframe noise
have been identied as the landing gear and the high lift devices.2 Airframe noise causes a lot of annoyance
for the communities living near airports. The exponential growth in air trac at major airports in recent
years has resulted in an increase in complaints from the local communities around airports. This has led
to governments introducing stringent noise regulations. Evidently there has been an increased interest in
research to understand airframe noise generation mechanisms in order to nd ways of reducing aircraft noise
impact on local communities around airports.
Steep approach landing procedure utilizes steeper glide slope compared to the conventional 3.0-deg glide
slope to alleviate noise on the ground. By adopting a steeper glide angle, the aircraft ies at higher altitudes
over residential areas close to the airport. The engines can be operated at lower power settings because
the amount of thrust required to maintain the approach speed is reduced. The combined eect of reduced
engine power and greater distance is a reduction in the noise levels on the ground. Steep approach landing
procedures are currently operated at several airports e.g. London City (LCY). At London City Airport,
all aircraft must be capable of making an approach at 5.5-deg or steeper glide angle in order to operate at
the airport. In addition to reducing noise level on the ground, steep approach allows the aircraft to clear
obstacles along the ight path e.g. tall building around London City airport.
The noise reduction potential of steep approaches has been demonstrated in several studies. Antoine and
Kroo3 estimated the noise reduction due to a steep approach at a glide angle of 4.5-deg to be as much as
7.7 dB compared to conventional landing at a glide angle of 3.0-deg. Clarke et al.4 carried out ight tests
at Louisville International Airport that showed steep approach landing procedure reduced the A-weighted
peak noise level along the ight path by 3.9 to 6.5 dBA. The study also showed that steep approach reduced
the fuel consumption during approach by 181 to 227 kg. Fillipone5 estimated the noise reduction from steep
approach at glide angle of 4.5 deg to be 6.0 dB. He also showed that steep approach reduced the maneuver
time up to 60s.
Steep approach procedure is limited by the descent velocity requirement which for passenger comfort
should not exceed 1100 ft/min (5.588 m/s). In order to meet the descent velocity requirement spoilers are
deployed as airbrakes to slow down the aircraft. A spoiler is a small hinged at plate that when deected
spoils the ow on the suction surface of a wing. It works by increasing the drag and reducing the lift
generated by the wing. Conventionally spoilers are operated on the ground during landing to aid in braking
by dumping the weight of the aircraft on the landing gear and slowing the aircraft by creating drag. In
further ight tests carried out by Clarke et al,4 it was noted that pilots used airbrakes (spoilers) to slow
down the aircraft on steep approach. They report that usage of the airbrakes increased the noise levels
on the ground. However there was no quantitative data on the noise increase. Kipersztok and Sengupta6
carried out ight test of a 747 aircraft to investigate the noise contribution from deployed spoiler. The
individual component noise contribution was isolated by logarithm subtraction from the conguration with
the component retracted. They showed that the noise radiated by the extension of the spoilers caused an
increase in level of 3 dB throughout the entire spectrum (up to 8 kHz). The noise spectrum of the isolated
spoiler was shown to peak at lower frequency of 80Hz. The spoiler noise directivity pattern was characterized
by radiation into the forward arc similar to the other airframe noise sources (i.e. slat, ap and landing gear).
Most of the published studies on spoilers have been on the aerodynamic eects of deployed spoiler in clean
wing conguration (with slat and ap retracted). Experimental studies have shown that the ow behind the
spoiler is very complex involving turbulent separation,7 vortex shedding and ow recirculation.8 Costes et
al.9 examined the control surface interaction between a spoiler and ap. The study showed that the spoiler
produce greater lift loss for higher ap angles. Computational simulations of spoiler have also focused on
the aerodynamics eect, especially the adverse lift eect. The ow eld around a deployed spoiler has been
simulated by solving the 2D Reynolds-Averaged Navier-Stokes equations with dierent one-equation10 and
two-equation turbulence models.11 The simulations have revealed details of the ow eld around the spoiler.
At a large enough spoiler deection angle a vortex forms behind the spoiler. The vortex grows rapidly and
induces a strong suction pressure before being shed. The shedding of the vortices corresponds to lift and
drag oscillations on the airfoil. Kim and Rho10 showed that the vortex shedding frequency decreases with
increasing spoiler deection while the uctuation amplitude increases with increasing spoiler deection. The
vortex shedding was found to induce a uctuating pressure eld around the whole airfoil. The uctuating
pressure eld due to the deployed spoiler is a potential source of noise. In addition the aerodynamic eect
of the deployed spoiler on the slat and ap will change the noise source and noise generation mechanism for
the HLDs.
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HLDs. In this project we carry out for the rst time a computational aeroacoustic (CAA) simulation of a
high lift wing in steep approach conguration with a deployed spoiler, slat and ap. The ow simulation is
carried out around a two-dimensional(2D) high lift model with a retracted spoiler, from here on referred to
as conventional conguration, and high lift model with a deployed spoiler, from here on referred to as steep
conguration. The ow eld solution obtained is then used as input to a Ffowcs-Williams and Hawking12
(FW-H) acoustic solver used to predict the fareld noise spectra and directivity. Detailed comparisons of
the near ow and acoustic eld and the far eld noise spectra are used to identify the impact of the spoiler
on high lift device noise.
The paper is organized as follows. The numerical methods used in the simulations are outlined in Sec.
II. Section III contains the discussion of the 2D ow eld and fareld noise for the conventional and steep
congurations. Finally in Sec. IV, the conclusions are given.
II. Numerical Methods
II.A. High Lift Model Geometry
The high lift model comprises of a slat, a main element and a ap. The model has a stowed chord length of
C = 1 m. The slat and ap chords correspond to 16% and 27% of the stowed chord length respectively. The
deection angles for the slat and the ap are 30 deg and 38 deg respectively. The steep conguration has a
spoiler deployed at an angle of 20 deg. Figure 1 shows the geometry of the steep high-lift conguration. The
geometrical settings for the conventional and the steep conguration are summarized in Table 1. Notice the
increase in the ap gap gf and overhang of when the spoiler is deected. To simulate a typical approach
the high lift model angle of attack for both congurations is 5 deg. The freestream Mach number is, M1 =
0.235, which corresponds to a Reynolds number of Re = 5:47  106 based on the model stowed chord. All
the trailing edges are sharp except for the spoiler trailing edge which has a thickness of 0.0033 m.
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Figure 1. High lift geometrical settings for the steep conguration.
A structured 2-D grid is generated around the high lift model. The grid generation follow an iterative
development path where the grid is rened based on oweld results. The aim is to obtain a grid that could
resolve relatively small scale features but has low computational costs. Since the objective of the project is to
identify the impact of the deected spoiler on the high lift noise, a ne grid resolution is required all around
the high lift model including the slat and ap. The computational domain for the conventional and steep
congurations extends from -10C to +10C in the x- and y-directions. The grid distributions around the
slat and the ap for the steep conguration are shown in Fig. 2. The slat and ap have both sharp trailing
edges whereas the spoiler has a blunt trailing edge. Treatment of the spoiler blunt trailing edge is crucial
for capturing vortex shedding which is reported in the literature.8,10,11 Two grids are generated for each
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Parameter Symbol Conventional Steep
Reference chord (m) C 1.00 1.00
Slat angle, deg s 30 30
Slat gap, % C gs 0.50 0.50
Slat overhang, % C os 1.22 1.22
Flap angle, deg f 38 38
Flap gap, % C gf 2.3 9.34
Flap overhang, % C of 0.57 1.28
Spoiler angle, deg sp 0 20
conguration, a coarse grid and a ne grid. The ne grids are constructed by grid renement in region of
interest which include the slat cove and gap, ap cove and gap, and the wake of the spoiler and ap (see Fig.
2). The details of the grids are summarised in Table 2. The pressure distribution around the conventional
conguration obtained using the coarse and ne grid is shown in Figure 3. There is good agreement between
the results obtained on the two meshes. The solution on the ne grid exhibits higher suction peak pressures
than the coarse grid due to the improved resolution. Similar trend is observed for the steep conguration
with the ne grid predicting higher pressure peaks on the suction surface of the three elements. The results
presented from hereon are the solutions obtained on the ne grids for both congurations. The grids are
(a) (b)
Figure 2. Grid distribution in the vicinity of the slat and the ap.
designed to ensure y+ = O(1) along all solid walls, and approximately 25-30 grid points are located in
the boundary layers. A sample of the boundary layer velocity prole on the suction surface of the main
element at x=C = 0:78 is shown in Fig. 4. A comparison is made with the analytical solution of the viscous
sublayer(y+ < 5) and the log-law region (y+ > 30). The log-law constants  and B are set equal to 0.40 and
5.5 respectively. Very good agreement between the CFD data and the analytical data is obtained in both
the viscous sublayer and the log-law regions. This shows that the boundary layers are adequately resolved
by the grid.
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Parameter Conventional Steep
Fine grid Coarse grid Fine grid Coarse grid
Total grid points 218950 426140 294650 433430
Number of blocks 128 128 134 134
Grid point in slat cove 19200 34340 20000 44300
Grid points at spoiler edge - - 20 35
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Figure 3. Comparison of pressure distribution around the conventional conguration obtained using the coarse and
ne grid.
II.B. Flow Solver
The numerical methods used in this study are briey described in this section. The governing equations are
the compressible Navier Stokes equations.
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where t is the time; , , and  are the generalized coordinate; Q is the solution vector; F , G , H are
the inviscid ux vectors, and Fv ,Gv , Hv are the viscous ux vectors. M1 is the Mach number of the
freestream ow and Re is the Reynolds number based on the stowed chord of the high lift model C. The
one equation Spalart-Allmaras turbulence model,13 from here on referred to as SA model, was used to model
the eect of turbulence. The reduced computational cost of solving only one equation makes it the best
choice for the study. The solution is advanced in time by using an implicit lower-upper(LU) approximate
factorization algorithm employing Newton-like subiterations. Following Jameson14 , the equations can be
written notationally as
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where the D6,D6, and D6 represent the sixth-order compact dierence in the ,  and  coordinate
directions respectively. L, U, and D are the LU factorization matrices which are given in more detail in
Ref. 14. In Eq. 2, a rst order backward dierence scheme is used to discretize the pseudo-time derivative
whereas a second-order central dierence scheme is used to discretize the physical time derivative. The
spatial derivatives in the implicit segment (left-hand side of Eq. 2) of the algorithm are computed using a
second order central scheme whereas the spatial derivatives in the explicit segment (right-hand side of Eq. 2)
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Figure 4. Comparison of the boundary layer velocity prole on main element at x=C = 0:78.
are computed using fourth-order optimised prefactored compact scheme of Aschroft and Zhang.15 To avoid
numerical instability, the solution is ltered at every sub-iteration using a sixth-order nondispersive lter.
Second order temporal accuracy is achieved through subiterations to reduce the errors due to factorization,
linearization and explicit boundary conditions. Three to ve subiterations are found to be sucient to reduce
the residues by two orders of magnitude.16
The ow solver is based on a nite-dierence approach on multiblock structured grids. The code is
parallelized using Message-Passing Interface (MPI) to allow ecient communication between connected
blocks. A structured grid around a three element high lift airfoil usually will have block interfaces where
there are abrupt changes in the slope of the grid lines. The grid metrics are discontinous at these points which
leads to grid singularity. When high-order nite dierence schemes are used to solve the governing equations
in generalized coordinates, numerical oscillations can occur at these block interfaces. The characteric interface
condition(CIC) of Kim and Lee17 is used at block interfaces. The fourth-order optimised prefactored scheme15
is used in each block: on the interior nodes a central dierence is applied while on the nodes near the block
interface one-sided dierences are used. Thus each block is isolated and the stencils do not cross the block
interfaces which eliminates the numerical oscillations. To prevent the reection of spurious waves from the
edge of the computational domain, explicit buer zone absorbing boundary conditions are used around the
computational domain.
A non-dimensional timestep tC=U1 = 4  10 4, with ve Newton-like subiterations is used for the
simulation on both congurations. The maximum Courant-Friedrichs-Lewy(CFL) number based on an
acoustic velocity (U1+a1) is equal to 13, where U1 and a1 are the freestream velocity and speed of sound
respectively. The computations are performed on a Linux cluster (Iridis 3) using 64 2.4 GHz Nehalem CPUs
(8 CPUs per node). The cost per timestep is 0.32 s. The timestep corresponds to a sampling rate of 8.5 MHz,
and the ow through-time based on the stowed chord and the freestream velocity is 10,684 timesteps. The
ow was run for 850,000 timesteps in order to wash out the transients before collecting mean ow statistics.
II.C. Acoustic Solver
The fareld acoustics are computed by solving the Ffowcs Williams and Hawkings12 (FW-H) equations,
based on the formulation 1A of Farassat.18 The FW-H solver has been used to compute fareld noise from
a slat19,20 and from an open cavitiy.21 In the FW-H solve, only the contributions from the thickness and
loading terms are considered whereas the volume source term is neglected. To account for the contribution
from the volume source term a permeable integration surface is constructed that contains all the region
that have non-zero volume term. Figure 5 shows the permeable integration surface used for the FW-H
computation on the steep conguration. The surface contains the slat cove and gap, the ap cove , and the
wake of the spoiler and ap. In addition the surface also contains the boundary layers where it appears to
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Figure 5. Permeable integration surface used for the FW-H calculations.
III. Results and Discussion
III.A. Aerodynamic Floweld
III.A.1. Instantaneous Floweld
The instantaneous oweld around the two HLDs congurations will be analysed in detail. A snapshot of
the instantaneous spanwise vorticity around the slat region is shown for both the conventional and steep
approach congurations in Fig. 6(a) and 6(b) respectively.In both cases a free shear layer forms at the slat
(a) Conventional conguration (b) Steep conguration
Figure 6. Instantaneous spanwise vorticity eld around the slat.
cusp which rolls up into discrete vortices in the slat cove. For the steep conguration the roll-up process is
delayed and occur further from the slat cusp which results in formation of larger and more energetic vortices
than for the conventional conguration. The vortices take a longer path to the reattachment point in the
steep case than in the conventional case. This is due to expansion of the recirculation region within the slat
cove when the spoiler is deployed. Deploying the spoiler reduces the circulation (lift) around the entire high
lift wing. As a result the incoming ow incidence at the slat leading edge is reduced. This causes the slat
cove vortex region to expand.
At the slat reattachment point the discrete vortices undergo massive distortions and stretching due to the
ow deceleration and subsequent acceleration through the slat gap. In Fig. 6(a), some vorticity is trapped
in the slat cove recirculation ow while some vorticity is convected through the slat gap. In the steep case
the vortices are only weakly distorted at the reattachment point and remain trapped in the slat cove. The
trapped vortices causes ow separation on the slat lower surface near the slat cusp. The separated shear
layer here forms vortices of opposite sign to the vortices from the slat cusp shear layer, thus completing the
feedback loop.
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element leading edge. Therefore ow separates from the main element leading edge shown in Fig. 6(b). The
separated shear layer here quickly rolls up into vortices which are shed through the gap between the slat
trailing edge and the main element. The vortex shedding frequency from the main element leading edge is
f = 2:5 kHz. The shed vortices interact with the slat lower surface and the trailing edge. In constrast to
the steep conguration, for the conventional conguration the ow remains attached to the main element
leading edge and there is no evidence of discrete vortical structures convecting through the gap between the
slat and the main element.
(a) Conventional conguration (b) Steep conguration
Figure 7. Instantaneous spanwise vorticity eld around the ap.
The instantaneous spanwise vorticity around the ap for the conventional and steep HLDs congurations
are shown in Fig. 7(a) and 7(b) respectively. The deployed spoiler creates a low pressure region above the
ap leading edge. This creates an adverse pressure gradient which causes the ow to separate early from
the ap leading edge to form a large recirculation region above the ap. For the conventional case, ow
acceleration through the small ap gap re-energises the boundary layer, therefore the ow separates further
downstream along the ap at approximately 50% ap chord.
At the spoiler trailing edge, vortex shedding occurs at a frequency of 4.3 kHz. The Strohaul number
based on the spoiler trailing edge thickness is St = 0:16. The spoiler wake and the separated shear layer
from the ap leading edge interact with each other downstream. At the ap trailing edge, the ow from
the ap pressure side rolls up into discrete vortices of positive sign while the ow from the spoiler and ap
leading edge forms a large recirculation region which is a source of negative vortices. This interaction result
in shedding of very large vortical structures in the wake of the ap. On the other hand for the conventional
case (see Fig. 7(a)), the free shear layers from the wing trailing edge and the ap suction surface interact with
the ow from the ap pressure side to form relatively smaller vortices which are shed behind the ap. The
frequency of the vortex shedding from the ap trailing edge is f = 130 Hz for the conventional conguration
whereas when the spoiler is deployed the vortex shedding frequency drops to f = 52 Hz. The formation
of the large vortical structures in the steep case results in a reduction in the vortex shedding frequency
measured in the ap wake. The overly large extent of the ap separation for both conguration is mainly
due to the 2D nature of the simulations. In 3D ow the ow is able breathe in the spanwise direction thus
boundary layers remain thin and attached for longer than in 2D ow.
III.A.2. Time-Averaged Floweld
In this section the mean ow eld around the HLDs is analysed in detail. Figure 8(a) and 8(b) shows
the time-averaged velocity eld and streamlines around the slat for the conventional and steep conguration
respectively. The streamlines clearly shows the eect of deploying the spoiler on the ow around the slat. For
the steep case, the angle of incidence of the incoming ow is reduced as a result of the decreased circulation
caused by the spoiler. The recirculation region in the slat cove grows in size when the spoiler is deployed.
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Figure 8. Time-averaged velocity eld and streamlines around the slat.
In Fig. 8(b) streamlines also show the ow separation at the main element leading edge which occurs when
the spoiler is deployed and the downstream movement of the stagnation point on the main element.The
(a) Conventional conguration (b) Steep conguration
Figure 9. Time-averaged spanwise vorticity eld around the slat.
time-averaged spanwise vorticity eld around the slat for the conventional and steep conguration are shown
in Fig. 9(a) and 9(b) respectively. The trajectory of the vortices from the slat cusp to the reattchment point
is clearly shown. For the steep case, the path of the free shear layer is longer and encloses a larger region.
The vorticity levels remain relatively high from slat cusp to reattachment for the steep case in comparison
with the convectional case. A thicker free shear layer bounds the slat cove ow for the steep case. This
supports the observation from the instantaneous vorticity eld that shows larger and more-energetic vortices
for the steep case than the conventional case. The time-averaged ow eld also shows the free shear layer of
negative vorticity that separates from the main element leading edge.
III.B. Acoustics
III.B.1. Near-eld Acoustics
The instantaneous uctuating pressure eld around the high lift model in steep and conventional congura-
tion are shown in Fig. 10(b) and 10(a). The uctuating pressure eld is computed by subtracting the mean
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40,000 data samples which are collected every 25 timesteps (thus a sampling rate of 68 kHz). Figure 10(b)
(a) Conventional conguration (b) Steep conguration
Figure 10. Instantaneous uctuating pressure eld around the HLDs.
shows strong acoustic waves radiating from the slat cove and the slat trailing edge. The waves originating
from the slat cove propagate mainly in the rear direction towards the ground. At the slat trailing edge,
the waves propagate mainly upstream in the direction of ight. There is also sound radiation from the
spoiler trailing edge. The waves can be seen propagating towards the ground, through the ap cove and also
upstream above the main element. Inspection of the contours of uctuating pressure shows that the waves
radiating from the slat cove have varying wavelengths. This is due to the dierent ow phenomena occuring
at dierent frequencies in the slat cove e.g. the vortex shedding at the cusp, the vortex shedding from the
main element, and the recirculating ow with the trapped vortices. The uctuating pressure eld also shows
sound waves with very large wavelength radiating from the ap. This sound radiation is from the vortex
shedding from the ap trailing edge.
For the conventional case, in Fig. 10(a), acoustic waves radiate from the slat cove however their am-
plitudes are very small, one can barely see them with the current contour levels. Careful probing of the
uctuating pressure eld reveales that the wavelength of these small amplitude waves radiating from the slat
cove to be approximately 0.137 m. The frequency of the waves, f = 2:48 kHz is in good agreement with the
frequency of the vortex shedding from the slat cusp, f = 2:5 kHz. There is no evidence of sound radiation
from the slat trailing edge for the conventional conguration. Similar to the steep case there is sound radi-
ation from the ap trailing edge due to vortex shedding. The waves have a smaller wavelength compared
to the steep conguration, conrming the higher vortex shedding frequency from the ap in conventional
conguration.
III.B.2. Far-eld Acoustics
The fareld acoustics are computed by solving the FW-H equation. The unsteady ow data collected on
a permeable integration surface enclosing the slat, main element and ap (see Fig. 5) is used as input to
the FW-H acoustic solver. The unsteady ow data is collected on the intergration surface after the initial
transient ow solution had passed. After which the data is collected every 25 timesteps, corresponding to a
sampling rate of 68 kHz for a dimensional time step of t = 1:1755  10 6 s. In total 40,000 time steps are
collected, which are divided into 40 samples of 1000 timesteps each.
The FW-H solver only computes fareld noise from 3D integration surface. Therefore in order to compute
fareld noise from 2D near eld CFD data, the 2D integration surface is extruded in the spanwise direction.
The assumption is that the ow is perfectly correlated over the spanwise length. Takeda et al.19 measured
the spanwise correlation length on a 1
5th scale National High Lift model to be equal to 15% of the model
chord length. Based on this measurement the spanwise length used is 0.15C. The intergration surface is
divided into panels and the ow data is averaged over each panel center. Observers are placed at a distance
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Figure 11. Comparison of fareld noise directivity for the conventional and steep approach congurations.
100 m away from the HLD model. This distance is equivalent to the height of the aircraft on approach over
the noise certication measurement point. The contributions from intergration surface panels are summed
up for each observer location to obtain the fareld pressure. The observer angle, , is dened such that
0 deg is in the downstream direction and increases in the counter-clockwise direction. The fareld noise
directivity from the permeable integration surfaces for the conventional and steep approach congurations
are presented in Figure 11.
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Figure 12. Comparison of fareld noise spectra at  = 305 deg for the conventional and steep congurations in 1
3rd-octave
bands.
Similar directivity patterns are predicted for both congurations for observer angle 0 <  < 180 deg.
Dierence directivity pattern are observed for observer angles directly underneath and downstream of the
HLDs, 180 <  < 360 deg. For the conventional conguration the sound pressure level decrease with
increasing angle whereas for the steep conguration the noise level peaks between  = 260   270 deg before
gradually decreasing and levelling o. The noise level increases at all observer angles when the spoiler is
deployed. The maximum noise level increase is equal to 10.8 dB at  = 305 deg. The angle of maximum noise
level increase agrees well with the near eld uctuating pressure distribution shown in Fig. 10(b). In the
gure, sound waves originating from the slat cove region radiate predominantly in the direction  = 300 deg,
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The near ow eld result suggest noise radiation from the slat cove is the cause of the noise level increase in
the fareld at  = 305 deg.
Figure 13. Fluctuating pressure eld around the slat trailing edge for the steep conguration.
Figure 12 shows a comparison of the fareld noise spectra, in one-third octave bands, at  = 305 deg
between the conventional and steep HLDs congurations. The noise spectrum for the steep conguration
has a maximum noise level peak at f = 2:5 kHz, corresponding to a Strouhal number of St = 3:75 based
on the slat chord. The frequency is in good agreement with the frequency of vortex shedding measured
near the main element leading edge. This suggests the vortex shedding from the separation at the main
element leading edge contributes signicantly to the fareld noise levels. At high frequency, the noise peaks
at f = 31 kHz is due to the noise source at the slat trailing edge. In Fig. 13, the uctuating pressure
around the slat trailing edge shows sound waves originating from the slat sharp trailing edge. The sound
waves are reected by the main element, forming an interference pattern in the slat gap. Due to the poor
grid resolution away from the slat trailing edge the waves dissipate quickly. One possible source of the noise
at the slat trailing edge is the interaction between the slat sharp trailing edge and the vortical structures
shed from the main element leading edge generating sound via the scattering mechanism. Analysis of the
unsteady ow data showed no sound radiation from the slat trailing edge for the conventional conguration.
The noise spectrum for the conventional conguration does not have peaks at high frequencies conrming
that there is not noise source at the slat sharp trailing edge. The instantaneous vorticity contours from Fig.
7(b) showed no vortical structures convecting through the slat gap. From the near eld pressure uctuation
we expected spectral peak for the conventional case around f = 2:5 kHz. The lack of tonal peaks in the mid
frequency range of the conventional spectrum need further investigation, since vortex shedding is observed
at the slat cusp.
IV. Conclusions
An aeroacoustic analysis of a two-dimensional high-lift conguration in steep approach is carried out
using high-order numerical schemes. The results show the eect a deployed spoiler has on high lift device
noise and oer insight into the noise generation mechanism for high lift device with spoiler. The ow eld
solution obtained from the high-order CFD simulations is used as input into an acoustic solver that solves
the FW-H equation to predict the fareld noise.
The ow eld results have shown that deploying the spoiler has a massive eect on all three high lift
elements. The spoiler causes a reduction in circulation(lift) around the entire high lift model. On the slat, the
incomng ow incidence at the slat leading edge reduces. The reduced angle of attach causes an expansion of
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the ow separates from the main element and sheds vorticity into the gap between the main element and the
slat trailing edge. The vortex shedding from the main element leading edge is shown to be a potential noise
source at mid-frequency. In addition the interaction of the shed vortices with the slat sharp trailing edge is a
source of high frequency noise. Fareld noise directivity comparison show noise level increase at all observer
angles when the spoiler is deployed. The maximum noise level increase is 10.8 dB and found at  = 305 deg.
From the near eld pressure uctuations, the possible source of this noise increase is identied to be in the
slat cove region. The fareld pressure spectrum for an observer at  = 305 deg exhibits a maximum peak at
the same frequency as the vortex shedding from the main element leading edge.
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